Introduction
============

Atherosclerosis is one of leading causes of death in developed countries. Rupture of vulnerable plaque characterized by large lipid contents is a main cause of acute coronary syndrome (ACS) and sudden cardiac death.[@B1]-[@B4] Accumulation of low density lipoprotein (LDL) particles is the initial step in atherogenesis and cholesterol is a major component of atherosclerotic plaque.[@B5][@B6] Inflammation and vascular smooth muscle cell proliferation are also important in atherogenesis.[@B7][@B8] Although hypercholesterolemia promotes accumulation of LDL particles in intima, tissue characterization of coronary plaque according to cholesterol level has not been reported.

A recently developed virtual histology-intravascular ultrasound (VH-IVUS) provides a method of accurate *in vivo* analysis regarding coronary plaque using radiofrequency spectral analysis identifying the fibrous, fibro-fatty, dense calcium and necrotic cores in the coronary plaque in coronary artery.[@B9][@B10] It has been shown to have a 93-97% *ex vivo* and 87-92% *in vivo* accuracy for specific tissue composition.[@B11]-[@B13] We sought to evaluate the relation between hypercholesterolemia and *in vivo* plaque composition in patients with coronary artery disease using VH-IVUS analysis.

Subjects and Methods
====================

Study population
----------------

A total of 331 consecutive patients who underwent coronary angiography (CAG) and VH-IVUS for evaluating ischemic heart disease were enrolled in the study. Eight patients whose cholesterol values were not available were excluded. Finally, the study population consisted of 323 patients; 178 patients with stable angina pectoris, 31 patients with unstable angina pectoris, and 114 patients with myocardial infarction. This study was approved by the ethics committee of Konyang University Hospital.

Clinical information on patients was obtained by analyzing their medical records and blood glucose and lipid analyses were based on the fasting values measured before the CAG. In cases regarding primary percutaneous coronary intervention (PCI), fasting blood was obtained during the morning of the next day for blood chemistry. Subjects were divided into two groups according to total cholesterol values[@B14]-[@B16]: hypercholesterolemic group (≥200 mg/dL, n=114) and normocholesterolemic group (\<200 mg/dL, n=209).

Coronary angiography
--------------------

All patients received aspirin 300 mg and clopidogrel 300-600 mg, and an additional 120 IU/kg of unfractionated heparin intravenously before CAG and VH-IVUS examination. CAG was done by femoral or radial approach using a 5 Fr catheter with a conventional method. The culprit lesion was identified by the ventricle wall motion abnormalities and the appearance of the angiographic lesion.

Out of 323 study patients, 299 patients underwent PCI whereas the remaining 24 patients were treated by medication. PCI was performed by usual pattern via the transradial or transfemoral approach.

Intravascular ultrasound-examination and analysis
-------------------------------------------------

Virtual histology-intravascular ultrasound examination was performed with a dedicated VH-IVUS console (Volcano Therapeutics, Rancho Cordova, CA, USA) and 20-MHz, 2.9 Fr monorail, electronic Eagle Eye Gold IVUS catheter (Volcano Therapeutics, Rancho Cordova, CA, USA) during CAG after intracoronary administration of 100 to 200 µg nitroglycerin. The IVUS catheter was advanced into the target lesion after wiring (n=159, 49.2%) or ballooning (n=164, 50.8%), and automatic pullback at 0.5 mm/s was done. Later one, the VH-IVUS image was recorded on a DVD-ROM for off-line analysis.

Both qualitative and quantitative analyses of gray scale IVUS were performed according to the criteria of the American College of Cardiology\'s Clinical Expert Consensus Document on IVUS.[@B17] The proximal and distal reference were defined as the site with the largest lumen proximal and distal to a stenosis but within the same segment (usually within 10 mm of the stenosis with no major intervening branches), respectively.

Spectral analysis of intravascular ultrasound radiofrequency data
-----------------------------------------------------------------

These analyses were done on the target lesion with customized software (IVUS Lab.; Volcano Therapeutics, Rancho Cordova, CA, USA) by an examiner who was unaware of the gray scale IVUS results. For both the lumen and the media-adventitia interface, automatic border detection was done at the predefined lesion segment. Then, the border detection was manually corrected again in the lesion after automatic border detection. The border was determined only when the two circulatory doctor\'s judgments agreed. When their opinions differed, another doctor was asked to make a judgment. After confirming the border detection, the software automatically calculates and shows the results. For each frame, histologic findings were expressed in colors (green for fibrous, green-yellow for fibrofatty, white for dense calcified, and red for necrotic core area). The predictive accuracy of this method with tissue mapping has been validated.[@B11]-[@B13] The area (mm^2^) and percent area of each tissue component of plaque were analyzed at the minimal lumen area (MLA) site, and the volume (mm^3^) and percent volume of each tissue component of plaque were evaluated at the full segment of the culprit lesion. Volume was divided by lesion length to adjust for the different lesion length of each patient and described as corrected volume (mm^3^/mm).

Statistical analysis
--------------------

All statistical data were indicated as means and standard deviations for continuous variables and as percentage ratio for categorical variables. The statistical data for the subject groups were processed using Statistical Package for the Social Sciences (SPSS) Statistics Program (version 18.0; SPSS Inc., Chicago, IL, USA). The independent t-test in continuous variables and the chi-square test in discontinuous variables were performed to compare differences in the two groups. Pearson correlation coefficient was used to measure the association between cholesterol values and tissue compositions. Multiple regression analysis with either method was performed to evaluate independent predictors of necrotic core volume. A p\<0.05 was considered statistically significant.

Results
=======

Clinical characteristics
------------------------

Study subjects were divided into two groups; hypercholesterolemic and normocholesterolemic group. The hypercholesterolemic group was younger than the normocholesterolemic group (59.7±13.3 years vs. 62.6±11.5 years, p=0.036). There were no significant differences in gender, prevalence of hypertension, diabetes, smoking and prior myocardial infarction, diagnosis, multivessel disease and the location of the lesion. In the hypercholesterolemic group, total cholesterol (226±64 mg/dL vs. 168±30 mg/dL, p\<0.001), triglyceride (202±185 mg/dL vs. 145±77 mg/dL, p\<0.001), high density lipoprotein-cholesterol (HDL-C) (46.5±11.0 mg/dL vs. 42.5±10.5 mg/dL, p=0.002), and low density lipoprotein-cholesterol (LDL-C) (146±34 mg/dL vs. 109±23 mg/dL, p\<0.001) was significantly higher than the normocholesterolemic group. Blood glucose, creatinine, and highsensitivity C-reactive protein showed no significant differences between the two groups ([Table 1](#T1){ref-type="table"}).

Virtual histology-intravascular ultrasound findings
---------------------------------------------------

In the gray-scale IVUS finding, there were no significant differences in lesion length, remodeling index, and volumetric analysis adjusted by the lesion length in two groups, but also plaque and lumen area at the MLA site ([Table 2](#T2){ref-type="table"}).

In VH-IVUS analysis over the entire segment of the culprit lesion, necrotic core volume was significantly larger in the hypercholesterolemic group (1.23±0.85 mm^3^/mm vs. 1.02±0.80 mm^3^/mm, p=0.029), and percent dense calcified (10.2±7.0% vs. 8.6±6.2%, p=0.041) and percent necrotic core volume (20.5±8.5% vs. 18.0±9.2%, p=0.016) were significantly higher in the hypercholesterolemic group ([Table 3](#T3){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}).

In VH-IVUS analysis at the MLA site, the necrotic core area was larger in the hypercholesterolemic group (1.63±1.09 mm^2^ vs. 1.40±1.20 mm^2^, p=0.088), but has no statistical significance. However, percent necrotic core area was significantly higher in the hypercholesterolemic group (21.4±10.5% vs. 18.4±11.3%, p=0.019) ([Table 3](#T3){ref-type="table"}).

Correlation analysis between the serum lipid parameter and tissue compositions of the culprit lesion revealed that total cholesterol was correlated with percent fibro-fatty volume (r=-0.149, p=0.007) and percent necrotic core volume (r=0.132, p=0.018) ([Table 4](#T4){ref-type="table"}).

Multivariate linear regression analysis revealed that the total cholesterol level was an independent factor of percent necrotic core volume in the culprit lesion after being adjusted with age, HDL-C, hypertension, diabetes mellitus, smoking and ACS (beta 0.027, 95% confidence interval 0.02-0.053, p=0.037).

Discussion
==========

The main finding of the present study is that hypercholesterolemia was associated with necrotic core volume and percent necrotic core volume in the culprit lesion in patients with coronary artery disease.

A recent study showed that diabetes mellitus,[@B18] ACS,[@B19]-[@B22] and positive remodeling[@B23] is related with a high percentage of necrotic volume. Also, it is well known that hypercholesterolemia is one of the major coronary risk factors. However, the role of hypercholesterolemia in the progression of atherosclerosis is uncertain. This study showed that necrotic core volume and percent necrotic core volume in the culprit lesion were higher in hypercholesterolemic patients and total cholesterol level was an independent predictor of percent necrotic core volume in the culprit lesion. Our study suggests that hypercholesterolemia may be associated with the progression of atherosclerosis, especially with regards to lipid accumulation in plaque.

Large amounts of lipid in plaque are a characteristic of vulnerable plaque that causes ACS. Previous studies showed that patients with ACS have a high prevalence of plaque rupture and a large amount of necrotic core volume in the culprit lesion.[@B19]-[@B22] In this study, the prevalence of ACS did not show a significant difference, so the relationship between hypercholesterolemia and ACS was not proved. This was mainly because we analyzed the study population according to the total cholesterol level, not according to the diagnosis.

High density lipoprotein-cholesterol was higher in the hypercholesterolemic group in this study. HDL-C has antiatherogenic properties[@B24] and a low level of HDL-C is an independent predictor of the risk of coronary heart disease.[@B25] But in the present study, total cholesterol was an independent predictor of necrotic core volume even after being adjusted with HDL-C. Our study revealed that both LDL-C and HDL-C levels were higher in the hypercholesterolemic group, but the difference of the LDL-C level between the two groups was greater than those of the HDL-C level. This difference may explain why total cholesterol level, not HDL-C level, was independently associated with necrotic core volume.

This study has some limitation. First, this study is a single center, cross-sectional study. However, a relatively large number of study subjects were prospectively enrolled. Second, medication of the lipid lowering agent and other risk factors including diabetes, atherosclerotic vascular disease and hypertension were not considered in this analysis. However, there was no significant difference between the two groups in terms of those variables. Finally, 164 lesions (50.8%) from the study population required small sized ballooning in order to advance the VH-IVUS catheter, which could impact on plaque components. However, it is real clinical practice and it would not significantly affect the plaque components unless there was significant plaque embolization.

In conclusion, hypercholesterolemia was associated with increased necrotic core content in coronary artery plaque. This study suggests that hypercholesterolemia plays a role in making plaque more complex, which is characterized by a large necrotic core, in coronary artery disease.
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![Representative VH-IVUS findings in both groups. A: normocholesterolemic patient (42 years old man with stable angina pectoris) showed small amounts of necrotic core volume. B: hypercholesterolemic patient (55 years old man with ST-segment elevation myocardial infarction) showed large amounts of necrotic core volume. VH-IVUS: virtual histology-intravascular ultrasound, EEM: external elastic membrane, CSA: cross sectional area.](kcj-43-23-g001){#F1}

###### 

Clinical characteristics of the study subjects

![](kcj-43-23-i001)

MI: myocardial infarction, STEMI: ST-segment elevation myocardial infarction, LAD: left anterior descending artery, LCX: left circumflex artery, RCA: right coronary artery, LM: left main artery, HDL-C: high density lipoprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol, FBS: fasting blood sugar, BUN: blood urea nitrogen, hs-CRP: high sensitivity C-reactive protein

###### 

Gray-scale intravascular ultrasound finding
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Volumetric data was divided by lesion length to adjust for different lesion lengths. EEL: external elastic lumen

###### 

Virtual-histology intravascular ultrasound finding
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Volumetric data was divided by lesion length to adjust for different lesion lengths. MLA: minimal lumen area

###### 

Correlation between lipid profiles and tissue composition on culprit lesion
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LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, FV: fibrous volume, FFV: fibrofatty volume, DCV: dense calcified volume, NCV: necrotic core volume
